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FIG. 4
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FIG. 5
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1
VEHICLE DRIVING FORCE CONTROL
DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2007-
075635 filed on Mar. 22, 2007 including the specifications,
drawings, and abstracts are incorporated by references
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicle driving force
control device for controlling a driving force to appropriately
maintain a grip force of a vehicle wheel in various running
conditions such as when a vehicle is in a starting mode, a
straight running mode, or a turning mode.

2. Description of the Related Art

Various kinds of traction control devices for limiting the
driving force to restrain a slipping of the vehicle wheel have
been proposed and put to practical use.

For example, Japanese Unexamined Patent Application
Publication No. 5-214974 discloses a technology where a slip
rate of a drive wheel is calculated on the basis of the speed of
the drive wheel and the speed of the vehicle body, and the
engine output torque is reduced when the slip rate has
exceeded a predetermined threshold value so as to perform
feedback control on the throttle valve to restrain an excessive
slipping of the drive wheel.

When a vehicle corners, a lateral force acting on a tire
increases, whereas a permissible longitudinal driving force
and the slip rate for maintaining a stable vehicle behavior
decrease. Therefore, in a traction control device such as the
one disclosed in Japanese Unexamined Patent Application
Publication No. 5-214974, although it is necessary to detect a
minute amount of slipping of the tire during cornering to
stabilize the vehicle behavior, such detection is difficult since
there is a limitation in the calculation accuracy for estimating
the ground speed of the vehicle body. This makes it difficult to
reduce the driving force to maintain the stability of the vehicle
by determining a torque-down amount with high precision.

SUMMARY OF THE INVENTION

The present invention has been made under such circum-
stances, and it is an object of the present invention to provide
a vehicle driving force control device that can control the
driving force with high precision to improve the stability of
the vehicle under all running conditions such as when the
vehicle is undergoing a cornering mode, a straight running
mode, or a starting mode.

The present invention provides a vehicle driving force con-
trol device that includes tire force estimating means config-
ured to estimate a tire force generated on a tire, friction-circle
limit-value estimating means configured to estimate a fric-
tion-circle limit-value as a maximum tire force which the tire
is capable of exercising against a current road-surface, slip
rate calculating means configured to calculate a slip rate of the
tire, first torque-down amount calculating means configured
to calculate a first torque-down amount on the basis of a
relation between the tire force and the friction-circle limit-
value, second torque-down amount calculating means con-
figured to calculate a second torque-down amount on the
basis of at least the slip rate, and driving-force setting means
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configured to set a driving force of the vehicle in accordance
with the first torque-down amount and the second torque-
down amount.

According to the vehicle driving force control device of the
present invention, the driving force can be controlled with
high precision so that the stability of the vehicle can be
improved under all running conditions such as when the
vehicle is undergoing a cornering mode, a straight running
mode, or a starting mode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional block diagram of a driving force
control device;

FIG. 2 is a flow chart of a driving force control program;

FIG. 3 is a functional block diagram of a first traction
control unit;

FIG. 4 is a flow chart of a first control amount calculation
program;

FIG. 5 is a flow chart continuing from that in FIG. 4;

FIG. 6 illustrates an example of an engine torque set on the
basis of an engine speed and a throttle opening;

FIG. 7 illustrates an example of a relationship between an
accelerator opening and a throttle opening for generating a
requested engine torque;

FIG. 8 is a flow chart of an additional-yaw-moment calcu-
lation routine;

FIGS. 9A and 9B illustrate a lateral-acceleration saturation
coefficient;

FIG. 10 shows a characteristic map of a vehicle-speed
feedback gain;

FIG. 11 illustrates a difference in additional yaw moment
value between a high p road and a low p road;

FIG. 12 illustrates an excessive tire force that is to be
minimized;

FIG. 13 is a functional block diagram of a second traction
control unit; and

FIG. 14 is a flow chart of a second control amount calcu-
lation program.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will now be
described with reference to the drawings.

FIGS. 1 to 14 illustrate an embodiment of the present
invention. In this embodiment, the vehicle is directed to a
four-wheel-drive vehicle equipped with a center differential
as an example. In this vehicle, a limited-slip differential
clutch (tightening torque T, ¢,) allows a longitudinal driving-
force distribution to be adjustable on the basis of a base torque
distribution R, ., by the center differential.

Referring to FIG. 1, reference numeral 1 denotes a vehicle
driving force control device installed in a vehicle and for
appropriately controlling a driving force. The driving force
control device 1 is connected to a throttle-opening sensor 11,
an engine-speed sensor 12, an accelerator-opening sensor 13,
a transmission control unit 14, a lateral-acceleration sensor
15, a yaw-rate sensor 16, a steering-wheel-angle sensor 17,
wheel-speed sensors 18 for individual wheels, a longitudinal-
acceleration sensor 19, and a road-surface p estimation unit
20, and receives therefrom signals indicating a throttle open-
ing 0,,, an engine speed N, an accelerator opening 0 ;.. a
main transmission gear ratio i, a turbine speed N, of a torque
converter, a tightening torque T, o, of a limited-slip differen-
tial clutch, a lateral acceleration (d%y/dt?), a yaw rate y, a
steering-wheel angle 6, wheel speeds wg, w5, ©,;, and ©,, of
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the individual wheels (the additional characters “fl”, “ftr”,
“rl”, and “rr” respectively indicating a front left wheel, a front
right wheel, a rear left wheel, and a rear right wheel), a
longitudinal acceleration (d*x/dt?), and a road-surface fric-
tion coefficient L.

Based on these input signals, the driving force control
device 1 calculates an appropriate driving force value in
accordance with a driving force control program to be
described hereinafter, and outputs the driving force value to
an engine control unit 5. The engine control unit 5 outputs a
control signal to a throttle control unit (not shown) so as to
allow a motor to be driven, whereby a throttle valve is actu-
ated.

As shown in FIG. 1, the driving force control device 1
mainly includes a first traction control unit 2, a second trac-
tion control unit 3, and a control-amount setting unit 4.

The first traction control unit 2 is provided as first torque-
down amount calculating means. The first traction control
unit 2 is connected to the throttle-opening sensor 11, the
engine-speed sensor 12, the accelerator-opening sensor 13,
the transmission control unit 14, the lateral-acceleration sen-
sor 15, the yaw-rate sensor 16, the steering-wheel-angle sen-
sor 17, the wheel-speed sensors 18 for the individual wheels,
and the road-surface p estimation unit 20, and receives there-
from signals indicating a throttle opening 6,,,, an engine speed
N,, an accelerator opening 6 ., a main transmission gear
ratio i, a turbine speed N, of the torque converter, a tightening
torque T, ¢, of the limited-slip differential clutch, a lateral
acceleration (d*y/dt?), a yaw rate y, a steering-wheel angle
87, wheel speeds w4, w4, 0, ;, and w,, of the individual wheels
(the additional characters “f1”, “fr”, “rl”, and “rr”’ respectively
indicating a front left wheel, a front right wheel, a rear left
wheel, and a rear right wheel), and a road-surface friction
coefficient 1.

Referring to FIG. 3, the first traction control unit 2 mainly
includes an engine-torque calculating portion 2a, a
requested-engine-torque calculating portion 25, a transmis-
sion-output-torque calculating portion 2¢, a total-driving-
force calculating portion 2d, a front-rear ground-load calcu-
lating portion 2e, a left-wheel load-ratio calculating portion
2/, an individual-wheel ground-load calculating portion 2g,
an individual-wheel longitudinal-force calculating portion
2/, an individual-wheel requested-lateral-force calculating
portion 2i, an individual-wheel lateral-force calculating por-
tion 2/, an individual-wheel friction-circle limit-value calcu-
lating portion 2%, an individual-wheel requested-resultant-
tire-force calculating portion 2/, an individual-wheel
resultant-tire-force calculating portion 2m, an individual-
wheel requested-excessive-tire-force calculating portion 2z,
an individual-wheel excessive-tire-force calculating portion
20, an excessive-tire-force calculating portion 2p, an over-
torque calculating portion 2¢, and a first control-amount cal-
culating portion 27

The engine-torque calculating portion 2a receives a throttle
opening 6, from the throttle-opening sensor 11 and an engine
speed N, from the engine-speed sensor 12. The engine-torque
calculating portion 24 refers to a map (such as the map shown
in FIG. 6) preliminarily set based on engine characteristics so
as to determine an engine torque T, currently being gener-
ated. The engine-torque calculating portion 2a then outputs
the determined engine torque T, to the transmission-output-
torque calculating portion 2c. The engine torque T,, may
alternatively be read from the engine control unit 5.

The requested-engine-torque calculating portion 24
receives an accelerator opening 6, from the accelerator-
opening sensor 13. The requested-engine-torque calculating
portion 25 refers to a preliminarily set map (such as the map
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of a relationship between an accelerator opening 0, and a
throttle opening 0,, shown in FIG. 7) so as to determine the
throttle opening 8,,, and determine the engine torque T,
based on the determined throttle opening 6,, from the afore-
mentioned map shown in FIG. 6. The requested-engine-
torque calculating portion 25 then outputs the determined
engine torque T, as a requested engine torque T,,,. The
requested engine torque T ,,,, may alternatively be determined
from a preliminarily set map associated with an accelerator
opening 0 ., or be read from the engine control unit 5.

The transmission-output-torque calculating portion 2c¢
receives the engine speed N, from the engine-speed sensor
12, a main transmission gear ratio i and a turbine speed N, of
a torque converter from the transmission control unit 14, and
the engine torque T, from the engine-torque calculating por-
tion 21a.

The transmission-output-torque calculating portion 2¢ cal-
culates a transmission output torque T, from, for example, the
following expression (1) and outputs the calculated transmis-
sion output torque T, to the total-driving-force calculating
portion 2d and the individual-wheel longitudinal-force cal-
culating portion 24.

I,=T ti o)

In this case, t indicates a torque ratio of the torque converter
and is determined by referring to a preliminarily set map
indicating a relationship between a rotational speed ratio e
(=N,/N,) of the torque converter and a torque ratio of the
torque converter.

The total-driving-force calculating portion 24 receives the
transmission output torque T, from the transmission-output-
torque calculating portion 2c.

The total-driving-force calculating portion 24 calculates a
total driving force F__from, for example, the following expres-
sion (2) and outputs the calculated total driving force F, to the
front-rear ground-load calculating portion 2e and the indi-
vidual-wheel longitudinal-force calculating portion 24.

F.=T,mi/R, 2)
In this case, 1 indicates a transmission efficiency of a driving
system, iindicates a final gear ratio, and R, indicates a tire
radius.

The front-rear ground-load calculating portion 2e receives
the total driving force F, from the total-driving-force calcu-
lating portion 2d. The front-rear ground-load calculating por-
tion 2e then calculates a front-wheel ground load F_from the
following expression (3) and outputs the calculated front-
wheel ground load F,,to the individual-wheel ground-load
calculating portion 2g and the individual-wheel longitudinal-
force calculating portion 2%. In addition, the front-rear
ground-load calculating portion 2e calculates a rear-wheel
ground load F_, from the following expression (4) and outputs
the calculated rear-wheel ground load F,, to the individual-
wheel ground-load calculating portion 2g.

F =W (m(&x/d) h)/L) 3)

*
In this case, W indicates a front-wheel static load, m indicates
avehicle mass, (d*x/dt?) indicates a longitudinal acceleration
(=F,/m), h indicates the height of gravitational center, L indi-
cates a wheel base, and W indicates a vehicle weight (gravi-
tational force) (=m-G; G being a gravitational acceleration).

The left-wheel load-ratio calculating portion 2f receives a
lateral acceleration (d*y/dt*) from the lateral-acceleration

sensor 15. The left-wheel load-ratio calculating portion 2f
calculates a left-wheel load-ratio WR__: from the following

F=W-F,



US 9,199,650 B2

5

expression (5) and outputs the calculated left-wheel load-
ratio WR_ 1 to the individual-wheel ground-load calculating
portion 2g, the individual-wheel requested-lateral-force cal-
culating portion 2/, and the individual-wheel lateral-force
calculating portion 2;.

WR_1=0.5-((&y/d2) G) (/L .0 p) ©)

In this case, L, indicates an average of respective tread
values of the front and rear wheels.

The individual-wheel ground-load calculating portion 2g
receives the front-wheel ground load F_,and the rear-wheel
ground load F_, from the front-rear ground-load calculating
portion 2e, and also receives the left-wheel load-ratio WR_:
from the left-wheel load-ratio calculating portion 2f. The
individual-wheel ground-load calculating portion 2g calcu-
lates a front-left-wheel ground load F,, ;, a front-right-wheel
ground load F, ,, a rear-left-wheel ground load F,, ,, and a
rear-right-wheel ground load F_,, , from the following expres-
sions (6), (7), (8), and (9), respectively, and outputs these
calculated values to the individual-wheel friction-circle limit-
value calculating portion 24.

oy SFWR (6)

F =F_(1-WR_)) @]

F,

o ~F WR_ ®

F, ,=F,«(1-WR_J) ©)]

The individual-wheel longitudinal-force calculating por-
tion 2/ receives a tightening torque T, ., of the limited-slip
differential clutch in the center differential from the transmis-
sion control unit 14, the transmission output torque T, from
the transmission-output-torque calculating portion 2c¢, the
total driving force F, from the total-driving-force calculating
portion 2d, and the front-wheel ground load F_, from the
front-rear ground-load calculating portion 2e. In accordance
with a procedure to be described hereinafter, the individual-
wheel longitudinal-force calculating portion 2/ calculates a
front-left-wheel longitudinal force F, . ;, a front-right-wheel
longitudinal force I,  a rear-left-wheel longitudinal force
F.,. » and a rear-right-wheel longitudinal force F,,. ,, and
outputs these calculated values to the individual-wheel
requested-resultant-tire-force calculating portion 2/ and the
individual-wheel resultant-tire-force calculating portion 2m.

An example of the procedure for calculating the front-left-
wheel longitudinal force F, . ;, the front-right-wheel longitu-
dinal force F_, , the rear-left-wheel longitudinal force F,
and the rear-right-wheel longitudinal force F,, , will be
described below.

First, a front-wheel load distribution rate W s calculated
from the following expression (10):

Wr ~F /W
Then, a minimum front-wheel longitudinal torque Tj,,,

and a maximum front-wheel longitudinal torque Tj,,,, are
calculated from the following expressions (11) and (12):

10)

Thuin= TRy cqTrsp(20) (1)

Tpnax=TrRy ot Tpsp(20) (12)

Subsequently, a minimum front-wheel longitudinal force

F . pnin and a maximum front-wheel longitudinal force F, ;.
are calculated from the following expressions (13) and (14):
Fxfmin:Tﬁnin'Tl'i/Rz (13)

£, xfmax:T Snax M 'i/Rz (14)
Next, a determination value I is set in the following manner.
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When Wy <F ;,,/F,, it is determined that limited-slip
differential torque is increasing at the rear wheels, thereby
setting the determination value I to 1.

When Wy =2F . /F,, it is determined that limited-slip
differential torque is increasing at the front wheels, thereby
setting the determination value I to 3.

In cases other than the above (i.e. when F_ /F <Wj

7<F. pnar/Fy), @ normal condition is confirmed, thereby

setting the determination value I to 2.

In accordance with the determination value I, a front-wheel

longitudinal force F,,is calculated as follows:

When I=1:F, = T4, Mi/R, (15)

When I=2:F, =F ~F,Wg_, (16)

When I=3:F, = T4, .xNi/R, 17)

Based on the front-wheel longitudinal force F, .calculated
from the expression (15), (16), or (17), a rear-wheel longitu-
dinal force F,, is calculated from the following expression

(18):

F=FFy (18)

Using the front-wheel longitudinal force F,-and the rear-
wheel longitudinal force F_,, the front-left-wheel longitudi-
nal force F, . , the front-right-wheel longitudinal force F, ,,
the rear-left-wheel longitudinal force F,. ,, and the rear-right-
wheel longitudinal force F_, , are calculated from the follow-

xXr_r

ing expressions (19) to (22):

Fyr =2 (19)
Fy =Fy (20)
F, =F.,2 1)
Fo =Fy (22)

The calculations of the longitudinal forces of the individual
wheels described above in the first embodiment are simply
examples, and are appropriately selectable according to the
driving method or driving mechanism of the vehicle.

The individual-wheel requested-lateral-force calculating
portion 2i receives the lateral acceleration (d*y/dt*) from the
lateral-acceleration sensor 15, a yaw rate y from the yaw-rate
sensor 16, a steering-wheel angle 0, from the steering-wheel-
angle sensor 17, wheel speeds w, 0, ,;, and w,, of the four
wheels from the wheel-speed sensors 18 for the respective
(four) wheels, and the left-wheel load-ratio WR__: from the
left-wheel load-ratio calculating portion 2f

In accordance with a procedure to be described below (i.e.
the flow chart shown in FIG. 8), an additional yaw moment
M, 0 is calculated. Based on this additional yaw moment, a
requested front-wheel lateral force F, . is calculated from
the following expression (23), and a requested rear-wheel
lateral force ), . is calculated from the following expres-
sion (24). Based on the requested front-wheel lateral force
F,; r and the requested rear-wheel lateral force -, a
front-left-wheel requested lateral force F ., rn, a front-
right-wheel requested lateral force F ., ., a rear-left-wheel
requested lateral force F,, ; oz, and a rear-right-wheel
requested lateral force F,, , ., are calculated from the fol-
lowing expressions (25) to (28) and are output to the indi-
vidual-wheel requested-resultant-tire-force calculating por-
tion 21

Fp r=MO/L (23)

Fy_pp=(-L:(dy/dty+m-(d*y/dr  Ly/L 24)
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In this case, I, indicates a yaw moment of inertia of the
vehicle, and L indicates a distance between the front axle and
the center of gravity.

For 1 pr=Fyy prWR_! (25)
Fypr_rr=Fyy pr(1=-WR_) (26)
Fo 1 mr=Fy prWR_1 @7
Fo o mrly pr(1-WR_J) (28)

Next, as shown in FIG. 8, the additional yaw moment M_0
is determined. First, a vehicle speed V is calculated in step
8301 (e.g. V=(wytws+m,,+w,,)/4) and then a lateral-accel-
eration/steering-wheel-angle gain G, is calculated in step
S302 using the following expression (29):

G, =(U/(1+4-V?))-(V*/L)-(1/n) 29)

In this case, A indicates a stability factor, and n indicates a
steering gear ratio.

The process then proceeds to step S303, which is a step for
referring to a map preliminarily set in accordance with a value
(G, 6,) obtained by multiplying the lateral-acceleration/
steering-wheel-angle gain G, by the steering-wheel angle 6,
and the lateral acceleration (d*y/dt®) so as to calculate a
lateral-acceleration saturation coefficient Ku. Referring to
FIG. 9A, this map used for determining a lateral-acceleration
saturation coefficient Ky is preliminarily set in accordance
with a value (G,-8;,) obtained by multiplying the lateral-
acceleration/steering-wheel-angle gain G, by the steering-
wheel angle 0,, and the lateral acceleration (d*y/dt?), and
decreases with increasing lateral acceleration (d*y/dt®) in a
state where the steering-wheel angle 0, is greater than or
equal to a predetermined value. This implies that when the
G, 0, is a large value, the lateral acceleration (d’y/dt?)
becomes greater towards a higher p road, but the lateral accel-
eration (d?y/dt?) is less likely to occur on a low p road.
Consequently, referring to FIG. 9B, a reference lateral accel-
eration (d®yr/dt?®) to be described hereinafter is set to a low
value in the case where the vehicle is considered to be on a
high u road based on the G,-8,, being a large value and the
lateral acceleration (d*y/dt*) being a large value, so that the
correction amount with respect to the additional yaw moment
M. 0 is set to a small amount.

In step S304, a lateral-acceleration deviation feedback gain
K, is calculated from the following expression (30):

K,=K0/G, (30)

In this case, KO indicates a steering-angle feedback gain,
which is calculated from the following expression (31):

KO—~(LKyn 61

Here, K sindicates an equivalent cornering power of the front
axle.

Specifically, the lateral-acceleration deviation feedback
gain K, is determined from the expression (30) as a target
value (maximum value) in view of the case where the addi-
tional yaw moment M_0 (stationary value) becomes zero in a
state where the steering is absolutely ineffective (y=0, (d%y/
dt*)=0) on a significantly low p road.

Subsequently, in step S305, a reference lateral acceleration
(d*yr/dt?) is calculated from the following expression (32):

(Pyr/dP)=KuG, (1/(1+T,)) 0 (32)

Inthis case, s indicates a differential operator, and T, indicates
a first-order-lag time constant of lateral acceleration. This
first-order-lag time constant T, is calculated from, for
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example, the following expression (33) with an equivalent
cornering power of the rear axle indicated by K,:

T,~LALK,) (33)

In step S306, a lateral-acceleration deviation (d*ye/dt?) is
calculated from the following expression (34):

(Pye/dD)=(dPy/dP)~(dPyr/d) (34)

Subsequently, in step S307, a yaw-rate/steering-wheel-
angle gain Gy is calculated from the following expression
(35):

Gy=(1/(1+4-F2)-(V/L)-(1/n) (35)

In step S308, a yaw-rate feedback gain Ky is calculated
from the following expression (36) in view of the case where,
for example, the additional yaw moment M_6 (stationary
value) becomes zero at the time of grip driving (when (d*ye/
dt*)=0).

Ky=K06/Gy (36)

In step S309, a vehicle-speed feedback gain K, is calcu-
lated on the basis of a preliminarily set map. This map is set
s0 as to avoid an undesired additional yaw moment M_6 in a
low speed range, as shown in, for example, FIG. 10. In FIG.
10, V_, represents, for example, 40 km/h.

In step S310, an additional yaw moment M_0 is calculated
from the following expression (37):

M=K (~Kyy+K, (d*ye/dr’)+KO-6y) (37)

As shown in expression (37), the term -Ky-y corresponds
to a yaw moment responding to a yaw rate y, the term K0-0,,
corresponds to a yaw moment responding to a steering-wheel
angle 0, and the term Ky~(d2ye/ dt?) corresponds to a correc-
tion value of the yaw moment. Therefore, when the vehicle is
driven with a large lateral acceleration (d*y/dt*) on a high p
road as shown in FIG. 11, the additional yaw moment M, 0
also becomes a large value, thereby enhancing the driving
performance. On the other hand, when the vehicle is driven on
a low p road, the additional yaw moment M_0 is prevented
from increasing since the additional yaw moment M_0 is
reduced due to the effect of the correction value, thereby
allowing for stable driving performance.

The individual-wheel lateral-force calculating portion 2/
receives the lateral acceleration (d*y/dt?) from the lateral-
acceleration sensor 15, the yaw rate y from the yaw-rate
sensor 16, and the left-wheel load-ratio WR__: from the left-
wheel load-ratio calculating portion 2f. Then, the individual-
wheel lateral-force calculating portion 2/ calculates a front-
wheel lateral force F,, . and a rear-wheel lateral force
F,, rp from the following expressions (38) and (39), respec-
tively. Based on the front-wheel lateral force I, 5 and the
rear-wheel lateral force F ., the individual-wheel lateral-
force calculating portion 2f calculates a front-left-wheel lat-
eral forceF ;. ; 5, a front-right-wheel lateral force F - , .z,
arear-left-wheel lateral force F,_; ., and a rear-right-wheel
lateral force F ., 5 from the following expressions (40) to
(43), and outputs these calculated values to the individual-
wheel resultant-tire-force calculating portion 2m.

Fop o= (dy/d)+m-(&y/de’yL,)/L (38)

F,_pp=(-L (dy/dty+m-(&y/dPy L)/L (39)

Here, L, indicates a distance between the rear axle and the
center of gravity.

For 1 rp=Fyy rp'WR_1 (40)

Fop v mp=y pp(1-WR_J) (41
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Fy 1 pp=F,, rp'WR_1 (42)

Fyr r mp=F, pp(1-WR_J)

The individual-wheel friction-circle limit-value calculat-
ing portion 2k receives a road-surface friction coefficient p
from the road-surface 1 estimation unit 20, and the front-left-
wheel ground load F_, , the front-right-wheel ground load
F,. ,, therear-left-wheel ground load F,, ,, and the rear-right-
wheel ground load F_, , from the individual-wheel ground-
load calculating portion 2g.

The individual-wheel friction-circle limit-value calculat-
ing portion 2k then calculates a front-left-wheel friction-
circle limit-value p_F 4, a front-right-wheel friction-circle
limit-value u_F, ;, arear-left-wheel friction-circle limit-value
p_F,_, and a rear-right-wheel friction-circle limit-value
p_F,_,. from the following expressions (44) to (47), and out-
puts the calculated values to the individual-wheel requested-
excessive-tire-force calculating portion 2z and the indi-
vidual-wheel excessive-tire-force calculating portion 2o. In
other words, the individual-wheel friction-circle limit-value
calculating portion 2k is provided as friction-circle limit-
value estimating means as a function for estimating a maxi-
mum tire force which the tire is capable of exercising against
a current road-surface.

43)

W Fg=pl oy @4)
u_F=ukF,, 45
b F=uF,, “6)
p_F,,=uwF, , @7

The individual-wheel requested-resultant-tire-force calcu-
lating portion 2/ receives the front-left-wheel longitudinal
force F, ;, the front-right-wheel longitudinal force F, ,, the
rear-left-wheel longitudinal force F,. ,, and the rear-right-
wheel longitudinal force F,. . from the individual-wheel lon-
gitudinal-force calculating portion 2/, and also receives the
front-left-wheel requested lateral force. F . ; ., the front-
right-wheel requested lateral force I, , ., the rear-left-
wheel requested lateral force F, ; o, and the rear-right-
wheel requested lateral force F,, , r from the individual-
wheel requested-lateral-force calculating portion 2i. The
individual-wheel requested-resultant-tire-force calculating
portion 2/ calculates a front-left-wheel requested resultant
tire force F_ 2 #r, a front-right-wheel requested resultant tire
force F_»_ #r, a rear-left-wheel requested resultant tire force
F_ . #, and a rear-right-wheel requested resultant tire force
F_~_#from the following expressions (48) to (51), and out-
puts these calculated values to the individual-wheel
requested-excessive-tire-force calculating portion 2r. In
other words, the individual-wheel requested-resultant-tire-
force calculating portion 2/ is provided as first-tire-force esti-
mating means.

F_ g mr=(Fp +F,p | mi)'? (48)
F_p rr=(Fy 2+F,p . mi)'? (49)
F_n_rr=(F,. 7 +F,. , m)"? (50)

2 25172
Fom rr=(F,, S+EF, . rp

xr_r

G

The individual-wheel resultant-tire-force calculating por-
tion 2m receives the front-left-wheel longitudinal force F  ,,
the front-right-wheel longitudinal force F,, ,, the rear-left-
wheel longitudinal force F,,. ; and the rear-right-wheel lon-
gitudinal force F,, , from the individual-wheel longitudinal-
force calculating portion 24, and also receives the front-left-
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wheel lateral force T, ; .5, the front-right-wheel lateral
force F ;. , g, the rear-left-wheel lateral force ', ; 55, and
the rear-right-wheel lateral force F,, , 5 from the indi-
vidual-wheel lateral-force calculating portion 2;. The indi-
vidual-wheel resultant-tire-force calculating portion 2m cal-
culates a front-left-wheel resultant tire force F__:_ #s, a front-
right-wheel resultant tire force F_» , a rear-left-wheel
resultant tire force F_»_#, and a rear-right-wheel resultant
tire force F_»_ 7 from the following expressions (52)to (55),
and outputs these calculated values to the individual-wheel
excessive-tire-force calculating portion 20. In other words,
the individual-wheel resultant-tire-force calculating portion
2m is provided as second-tire-force estimating means.

F_a m=(Fyp P+F,0 1 zg?)"? (52)
F_p_m=(Fy 2+F, . m)"? (53)
F_n_m=(F,. 7 +F, , m)"” (54)
F_m m=(F, 2+F, . m)'"? (55)

The individual-wheel requested-excessive-tire-force cal-
culating portion 2r receives the front-left-wheel friction-
circle limit-value p_F,_g, the front-right-wheel friction-circle
limit-value p_F_j, the rear-left-wheel friction-circle limit-
value p_F, ,, and the rear-right-wheel friction-circle limit-
value p_F_,, from the individual-wheel friction-circle limit-
value calculating portion 2%, and also receives the front-left-
wheel requested resultant tire force F_#_#=, the front-right-
wheel requested resultant tire force F_s 7, the rear-left-
wheel requested resultant tire force F_»_#, and the rear-
right-wheel requested resultant tire force F_~»_# from the
individual-wheel requested-resultant-tire-force calculating
portion 2/. The individual-wheel requested-excessive-tire-
force calculating portion 27 then calculates a front-left-wheel
requested excessive tire force AF_#_#, a front-right-wheel
requested excessive tire force AF_s_ #r, a rear-left-wheel
requested excessive tire force AF_»_#, and a rear-right-
wheel requested excessive tire force AF_»_ # from the fol-
lowing expressions (56) to (59), and outputs these calculated
values to the excessive-tire-force calculating portion 2p. In
other words, the individual-wheel requested-excessive-tire-
force calculating portion 27 is provided as first-excessive-
tire-force estimating means.

AF_p_FF=F_p FFu F (56)
AF_p_mr=F_p_Fr-p_F 5 (57)
AF_»_FF=F_n_Fr-p_F,, (58)
AF_yr_FF=F_»r_Fr-p_F,, (59)

The individual-wheel excessive-tire-force calculating por-
tion 20 receives the front-left-wheel friction-circle limit-
value p_F_g, the front-right-wheel friction-circle limit-value
u_F_;, the rear-left-wheel friction-circle limit-value p_F,,,,
and the rear-right-wheel friction-circle limit-value p_F,,,
from the individual-wheel friction-circle limit-value calculat-
ing portion 24, and also receives the front-left-wheel resultant
tire force F_ s, the front-right-wheel resultant tire force
F_»_ s, the rear-left-wheel resultant tire force F_»_#, and
the rear-right-wheel resultant tire force F_»_ # from the indi-
vidual-wheel resultant-tire-force calculating portion 2m. The
individual-wheel excessive-tire-force calculating portion 2o
then calculates a front-left-wheel excessive tire force
AF_ 2, a front-right-wheel excessive tire force AF_»_ s, a
rear-left-wheel excessive tire force AF_»_rs, and a rear-
right-wheel excessive tire force AF__~__# from the following
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expressions (60) to (63), and outputs these calculated values
to the excessive-tire-force calculating portion 2p. In other
words, the individual-wheel excessive-tire-force calculating
portion 20 is provided as second-excessive-tire-force estimat-
ing means.

AF_p Fe=F_p_FB-pn F 4 (60)
AF_p_re=F_p -y F g (61)
AF_n_Fe=F_ o m-p F,, (62)
AF_» FB=F »_F-y F,, (63)

The excessive-tire-force calculating portion 2p receives
the front-left-wheel requested excessive tire force AF_ s rr,
the front-right-wheel requested excessive tire force AF_ 5 #r,
the rear-left-wheel requested excessive tire force AF_ 1 rr,
and the rear-right-wheel requested excessive tire force
AF_»_ rr from the individual-wheel requested-excessive-
tire-force calculating portion 2z, and also receives the front-
left-wheel excessive tire force AF_s m, the front-right-
wheel excessive tire force AF_s s, the rear-left-wheel
excessive tire force AF__» s, and the rear-right-wheel exces-
sive tire force AF__» # from the individual-wheel excessive-
tire-force calculating portion 20. The excessive-tire-force
calculating portion 2p then compares a total value of the
requested excessive tire forces AF_ 2 #, AF_ 5w AF_ 1 rr,
and AF__#r with a total value of the excessive tire forces
AF 2 m AF » m AF 1 m and AF_» =, and sets the
larger one of the two values as an excessive tire force F

over*

F_ o =MAX((AF_A_rr+AF_p_ FF+AF_ 1 FPAAF
m_FE),(AF_f_FB+AF_f FB+AF 1 FB+AF

__FB)) (64)

The over-torque calculating portion 2¢ receives the engine
speed N, from the engine-speed sensor 12, the main trans-
mission gear ratio i and the turbine speed N, of the torque
converter from the transmission control unit 14, and the
excessive tire force F_ _ from the excessive-tire-force calcu-
lating portion 2p. The over-torque calculating portion 24 cal-
culates an over-torque T, . from the following expression
(65), and outputs the calculated value to the control-amount

calculating portion 2r

Ty =F o R /i (65)

The control-amount calculating portion 2r receives the
requested engine torque T,,, from the requested-engine-
torque calculating portion 25, and also receives the over-
torque T, ., from the over-torque calculating portion 2¢. The
control-amount calculating portion 27 calculates a first con-
trol amount (=a first torque-down amount) TTCS1 from the
following expression (66) and outputs the calculated value to
the control-amount setting unit 4.

TTCS1=T T, (66)

Accordingly, in the first embodiment, the excessive-tire-
force calculating portion 2p, the over-torque calculating por-
tion 2¢, and the control-amount calculating portion 27 con-
stitute driving-force setting means that corrects a driving
force requested by a driver.

A first control-amount setting program performed by the
driving force control device 2 will now be described with
reference to the flow charts shown in FIGS. 4 and 5.

In step S201, required parameters are read, which include
a throttle opening 6,,, an engine speed N_, an accelerator
opening 0., 2 main transmission gear ratio i, a turbine
speed N, of a torque converter, a tightening torque T, s, of a
limited-slip differential clutch, a lateral acceleration (d*y/
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dt®), ayaw ratey, a steering-wheel angle 0, wheel speeds Wy
®4, ,;, and o, of the individual wheels, and a road-surface
friction coefficient .

In step S202, the engine-torque calculating portion 2a
refers to a map (such as the map shown in FIG. 6) prelimi-
narily set based on engine characteristics so as to determine
an engine torque T, currently being generated.

In step S203, the requested-engine-torque calculating por-
tion 24 determines a throttle opening 0, from a preliminarily
set map (such as the map in FIG. 7 showing a relationship
between 0, and 6,,). Based on the throttle opening 6,,,, the
requested-engine-torque calculating portion 256 determines
an engine torque T, as a requested engine torque T,,, from
the aforementioned map in FIG. 6.

In step S204, the transmission-output-torque calculating
portion 2¢ calculates a transmission output torque T, from the
aforementioned expression (1).

In step S205, the total-driving-force calculating portion 2d
calculates a total driving force F from the aforementioned
expression (2).

In step S206, the front-rear ground-load calculating por-
tion 2e calculates a front-wheel ground load F,, from the
aforementioned expression (3) and a rear-wheel ground load
F,, from the aforementioned expression (4).

In step S207, the left-wheel load-ratio calculating portion
2fcalculates a left-wheel load-ratio WR__: from the aforemen-
tioned expression (5).

In step S208, the individual-wheel ground-load calculating
portion 2g calculates a front-left-wheel ground load F,, ,, a
front-right-wheel ground load F_, . a rear-left-wheel ground
load F,, ,, and a rear-right-wheel ground load F,, , from the
aforementioned expressions (6), (7), (8), and (9), respec-
tively.

In step S209, the individual-wheel longitudinal-force cal-
culating portion 2/ calculates a front-left-wheel longitudinal
force F., ;, a front-right-wheel longitudinal force F,, ,, a
rear-left-wheel longitudinal force F,,. , and a rear-right-
wheel longitudinal force F,, , from the aforementioned
expressions (19) to (22), respectively. Subsequently, in step
S210, the individual-wheel requested-lateral-force calculat-
ing portion 2i calculates a front-left-wheel requested lateral
force T, ; rp. a front-right-wheel requested lateral force
F.r , rr a rear-left-wheel requested lateral force F,. ; o,
and a rear-right-wheel requested lateral force I, , . from
the aforementioned expressions (25) to (28), respectively.

In step S211, the individual-wheel lateral-force calculating
portion 2j calculates a front-left-wheel lateral force F . ; 1z,
a front-right-wheel lateral force F, , 5, a rear-left-wheel
lateral force F,,_; 5, and a rear-right-wheel lateral force
F,, , rp from the aforementioned expressions (40) to (43),
respectively.

In step S212, the individual-wheel friction-circle limit-
value calculating portion 2% calculates a front-left-wheel fric-
tion-circle limit-value p_F_, a front-right-wheel friction-
circle limit-value p_F,;, a rear-left-wheel friction-circle
limit-valuep_F_,,, and a rear-right-wheel friction-circle limit-
value p_F_,, from the aforementioned expressions (44) to
(47), respectively.

In step S213, the individual-wheel requested-resultant-
tire-force calculating portion 2/ calculates a front-left-wheel
requested resultant tire force F_s #, a front-right-wheel
requested resultant tire force F_s» s, a rear-left-wheel
requested resultant tire force F_»_ #r, and a rear-right-wheel
requested resultant tire force F_»_# from the aforemen-
tioned expressions (48) to (51), respectively.

In step S214, the individual-wheel resultant-tire-force cal-
culating portion 2m calculates a front-left-wheel resultant tire
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force F_ s, a front-right-wheel resultant tire force F_»_ #s,
a rear-left-wheel resultant tire force F_» s, and a rear-right-
wheel resultant tire force F_ »_# from the aforementioned
expressions (52) to (55), respectively.

In step S215, the individual-wheel requested-excessive-
tire-force calculating portion 2z calculates a front-left-wheel
requested excessive tire force AF_ sz ##, a front-right-wheel
requested excessive tire force AF_s_#, a rear-left-wheel
requested excessive tire force AF_» s, and a rear-right-
wheel requested excessive tire force AF__»__# from the afore-
mentioned expressions (56) to (59), respectively.

In step S216, the individual-wheel excessive-tire-force cal-
culating portion 2o calculates a front-left-wheel excessive tire
force AF s s, a front-right-wheel resultant excessive tire
force AF_ s m, arear-left-wheel resultant excessive tire force
AF _» m and arear-right-wheel resultant excessive tire force
AF_»_ from the aforementioned expressions (60) to (63),
respectively.

In step S217, the excessive-tire-force calculating portion
2p calculates an excessive tire force F ., from the aforemen-
tioned expression (64).

In step S218, the over-torque calculating portion 2¢ calcu-
lates an over-torque T, from the aforementioned expres-
sion (65). In step S119, the control-amount calculating por-
tion 2r calculates a first control amount (=a first torque-down
amount) TTCS1 from the aforementioned expression (66)
and outputs the calculated value to the control amount setting
unit 4. Finally, this exits the program.

According to the first embodiment of the present invention,
in the first traction control unit 2, a torque value at which atire
force to be generated on each wheel based on a request from
the driver exceeds the friction-circle limit value is compared
with a torque value at which a tire force currently being
generated on the wheel exceeds the friction-circle limit value,
and the driving force is corrected by subtracting the larger one
of'the two values from a driving force requested by the driver.
Consequently, an over-torque condition can be appropriately
corrected not only for the present but also for the future,
whereby appropriate control against spinning and plowing
can be implemented. Thus, the grip forces of the tires can be
appropriately maintained, whereby the driving stability of the
vehicle can be improved.

Since the correction value to be subtracted from the driving
force requested by the driver is simply a torque value at which
a tire force exceeds the friction-circle limit value, a sudden
reduction of the driving force in the longitudinal direction is
prevented. This prevents the driver from feeling awkward or
from having a sense of dissatisfaction due to a lack of accel-
eration (i.e. the driving force is inhibited only by an amount
F..in FIG. 12).

Alternatively, the grip forces of the tires may be maintained
by properly inhibiting the driving force in the longitudinal
direction (namely, the driving force may be inhibited only by
anamount F_, in FIG. 12). In that case, the control is realized
by adding signal lines shown with dashed lines in FIG. 3, and
by changing the calculations performed by the individual-
wheel requested-excessive-tire-force calculating portion 2r
and the individual-wheel excessive-tire-force calculating
portion 2o in the following manner.

The individual-wheel requested-excessive-tire-force cal-
culating portion 2r receives the front-left-wheel friction-
circle limit-value p_F,_g, the front-right-wheel friction-circle
limit-value p_F_ g, the rear-left-wheel friction-circle limit-
value p_F_ ,, and the rear-right-wheel friction-circle limit-
value p_F_,, from the individual-wheel friction-circle limit-
value calculating portion 2%, receives the front-left-wheel
requested lateral force F,; rp the front-right-wheel
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requested lateral force ¥, .z, the rear-left-wheel requested
lateral force F,, ; . and the rear-right-wheel requested lat-
eral force F, , pr from the individual-wheel requested-lat-
eral-force calculating portion 2/, and receives the front-left-
wheel longitudinal force F,,, the front-right-wheel
longitudinal force F, . ,, the rear-left-wheel longitudinal force
F,. ; and the rear-right-wheel longitudinal force F,, , from
the individual-wheel longitudinal-force calculating portion
2h.

The individual-wheel requested-excessive-tire-force cal-
culating portion 2» calculates a front-left-wheel requested
excessive tire force AF_s_ s, a front-right-wheel requested
excessive tire force AF_s #r, a rear-left-wheel requested
excessive tire force AF_» .., and a rear-right-wheel
requested excessive tire force AF_~_#r from the following
expressions (67) to (70), and outputs these calculated values
to the excessive-tire-force calculating portion 2p.

AF_# #=F, ~(_F?-Fy ; m2)'? (67)

AF_p_mr=Fy (4 Fy?~Fyy . i) (68)

AF_A_#mF=F, (W _F,7~F, ; @) 69
- yr{_J

AF s FF=F,p =0 Fp’Fp )" 70
7 yr_r Fi

The individual-wheel excessive-tire-force calculating por-
tion 20 receives the front-left-wheel friction-circle limit-
value p_F_g, the front-right-wheel friction-circle limit-value
u_F 5, the rear-left-wheel friction-circle limit-value p_F,,,,
and the rear-right-wheel friction-circle limit-value p_F,,,
from the individual-wheel friction-circle limit-value calculat-
ing portion 2k, receives the front-left-wheel lateral force
F s s rp thefront-right-wheel lateral force F . , .5, therear-
left-wheel lateral force F, ; z5, and the rear-right-wheel
lateral force F,,_, .5 from the individual-wheel lateral-force
calculating portion 2/, and receives the front-left-wheel lon-
gitudinal force F, . , the front-right-wheel longitudinal force
F.r ,» the rear-left-wheel longitudinal force F,, , and the
rear-right-wheel longitudinal force F,,. . from the individual-
wheel longitudinal-force calculating portion 2/.

The individual-wheel excessive-tire-force calculating por-
tion 2o then calculates a front-left-wheel excessive tire force
AF_ s s, a front-right-wheel excessive tire force AF_»_ s, a
rear-left-wheel excessive tire force AF_»_ rs, and a rear-
right-wheel excessive tire force AF__~__# from the following
expressions (71) to (74), and outputs these calculated values
to the excessive-tire-force calculating portion 2p.

AF_ . m=F, ~Q F zﬂz_F nysz)l/z Y]

AF_5_rm=F_ ~(u_F ;>-F, 22 72
o W r Fi

AF _n_m=F, ~(u_F,?-F, ; )" 73
i yr_I_Fi

AF_» F=F, ~(u_F,>F, , m)'? 74
r yr_r_Fi

On the other hand, referring to FIG. 1, the second traction
control unit 3 is provided as second torque-down amount
calculating means. The second traction control unit 3 is con-
nected to the throttle-opening sensor 11, the engine-speed
sensor 12, the transmission control unit 14, the lateral-accel-
eration sensor 15, the four wheel-speed sensors 18, and the
longitudinal-acceleration sensor 19, and receives therefrom
signals indicating a throttle opening 6,,, an engine speed N,
a main transmission gear ratio i, a lateral acceleration (d?y/
dt®), wheel speeds g W5, W, and o,, of the individual
wheels, and a longitudinal acceleration (d*x/dt?).

Referring to FIG. 13, the second traction control unit 3
mainly includes a vehicle-speed calculating portion 3a, a
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slip-rate calculating portion 34, a total-grip-force calculating
portion 3¢, an engine-torque calculating portion 3d, a run-
ning-resistance-torque calculating portion 3e, and a second
control-amount calculating portion 37

The vehicle-speed calculating portion 3a receives the
wheel speeds w4, 0, ,;,, and w,, of the four wheels from the
four respective wheel-speed sensors 18 and calculates an
average value ofthe wheel speeds so as to determine a vehicle
speed V (H(wz+04+w, +m,,)/4). The vehicle-speed calculat-
ing portion 3a then outputs the vehicle speed V to the slip-rate
calculating portion 36 and the running-resistance-torque cal-
culating portion 3e.

The slip-rate calculating portion 35 receives the wheel
speeds wg, w4, ©,;, and o,, of the four wheels from the four
respective wheel-speed sensors 18, and also receives the
vehicle speed V from the vehicle-speed calculating portion
3a. The slip-rate calculating portion 35 then calculates a slip
rate of each of the wheels from the following expression (75),
and outputs the highest slip rate value as a slip rate A to the
second control-amount calculating portion 37

A=(w—V)/0100 (75)

In this case, w represents W, 10 0,,.

The total-grip-force calculating portion 3¢ receives the
lateral acceleration (d*y/dt*) from the lateral-acceleration
sensor 15, and also receives the longitudinal acceleration
(d*x/dt*) from the longitudinal-acceleration sensor 19. The
total-grip-force calculating portion 3¢ then calculates a total
grip force TG corresponding to the acceleration of the vehicle
body from, for example, the following expression (76), and
outputs the calculated value to the second control-amount
calculating portion 3/

TG=(K1-(x/d2) P +(K2-(d?y/d?))?) "2 (76)

In this case, K1 and K2 indicate correction coefficients.

Similar to the engine-torque calculating portion 2a in the
first traction control unit 2, the engine-torque calculating
portion 3d receives the throttle opening 8,;, from the throttle-
opening sensor 11 and the engine speed N, from the engine-
speed sensor 12. The engine-torque calculating portion 3d
refers to a map (such as the map shown in FIG. 6) prelimi-
narily set based on engine characteristics so as to determine
an engine torque T,, currently being generated. The engine-
torque calculating portion 3d then outputs the determined
engine torque T, to the second control-amount calculating
portion 3f The engine torque T,, may alternatively be read
from the engine control unit 5.

The running-resistance-torque calculating portion 3e
receives the main transmission gear ratio i from the transmis-
sion control unit 14 and the vehicle speed V from the vehicle-
speed calculating portion 3a. The running-resistance-torque
calculating portion 3e then calculates a running resistance T,
consisting of a rolling resistance of the tires and an air resis-
tance of the vehicle body using, for example, the following
expression (77), and outputs the calculated value to the sec-
ond control-amount calculating portion 3f

— 2N
T,~(K3+K4- P2y an

In this case, K3 and K4 indicate correction coefficients.

The second control-amount calculating portion 3freceives
the main transmission gear ratio i from the transmission con-
trol unit 14, the slip rate A from the slip-rate calculating
portion 34, the total grip force TG from the total-grip-force
calculating portion 3¢, the engine torque T, from the engine-
torque calculating portion 3d, and the running resistance T,
from the running-resistance-torque calculating portion 3e.
Then, the second control-amount calculating portion 3f cal-
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culates a second control amount T ;, used for when reduc-
ing the engine output torque, and outputs the calculated value
to the control-amount setting unit 4.

In detail, based on the following expression (78), a value
given filtering of a first-order time lag with respect to the
engine torque T, is calculated as a first initially required
engine torque T .

Tgr=(1-K) Tep(k=1)+K-To(k)

Furthermore, a basic initially required torque T, is
retrieved from a preliminarily set map on the basis of the main
transmission gear ratio i and the total grip force TG. The basic
initially required torque T,; and the running resistance T, are
added together so as to determine a second initially required
engine torque T .

(78)

Tpp=T*T, 79

A second initially required engine torque T, is a sum of
the basic initially required torque T,;, which is a torque trans-
mitted to the road surface without being consumed by exces-
sive slipping of the drive wheels, and the running resistance
T, consisting of a rolling resistance of the tires and an air
resistance of the vehicle body. Therefore, a second initially
required engine torque T, corresponds to a value obtained
by subtracting an ineffective torque consumed by excessive
slipping of the drive wheels from the current engine torque

is will be mentioned in a second control amount calcula-
tion program to be described hereinafter, when the slip rate A
exceeds predetermined threshold values L, and L, either
the first initially required engine torque T, or the second
initially required engine torque T, is selected and set as a
second control amount (=a second torque-down amount)
T 752, and is output to the control-amount setting unit 4. On
the other hand, if the slip rate A does not exceed the predeter-
mined threshold values L., and L.,, the second control
amount Ty, is set to the current engine torque T, since
torque-down in this case is not implemented.

Specifically, the flow chart shown in FIG. 14 illustrates a
second control amount calculation program. In step S401, if
the slip rate A is less than or equal to the first threshold value
L, namely, while the slip rate A is extremely small and the
engine output torque is sufficiently transmitted to the road
surface, the operation proceeds to step S402 where the second
control amount T, remains to be set at the current engine
torque T, and torque-down control is not implemented.

On the other hand, if the slip rate A exceeds the first thresh-
old value L, in step S401 and if the slip rate A is less than or
equal to the second threshold value L .,, which is greater than
the first threshold value L, in step S403, namely, in a range
where the slip rate A is relatively small, the operation pro-
ceeds to step S404 where a first initially required engine
torque T determined by filtering the engine torque T, is set
as the second control amount T ,,. By setting the first ini-
tially required engine torque T and starting feedback con-
trol in this manner, a sudden change in the engine torque T,
can be prevented, thereby avoiding an adverse effect on the
vehicle behavior. In addition, by using a first initially required
engine torque T determined by filtering the engine torque
T, a time lag that occurs until the engine torque T,, con-
verges to a desired value can be compensated for, thereby
achieving enhanced feedback properties.

In step S403, if the slip rate A exceeds the second threshold
value L, namely, when the slip rate A is large, the operation
proceeds to step S405 where a second initially required
engine torque Ty, which is a sum of the basic initially
required torque T, and the running resistance T, is set as the
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second control amount T,. As a result, feedback control
starts from a maximum initial torque at which the vehicle can
possibly be accelerated without an occurrence of excessive
slipping of the drive wheels. Consequently, excessive slip-
ping can be made to quickly converge without having a sig-
nificant effect on the vehicle behavior.

Referring to FIG. 1, the control-amount setting unit 4 is
provided as driving-force setting means, and receives the first
control amount (=the first torque-down amount) T ,;, from
the first traction control unit 2 and the second control amount
(=the second torque-down amount) T,-s, from the second
traction control unit 3. The control-amount setting unit 4 then
compares the first control amount T,~s, with the second
control amount T ,, and sets the smaller value (i.e. the value
with a larger torque-down amount) as a control amount
(=torque-down amount) T~ to be used by the driving force
control device 1. Subsequently, the control-amount setting
unit 4 outputs the control amount T, to the engine control
unit 5. Upon receiving a signal indicating the control amount
T;cs from the driving force control device 1, the engine
control unit 5 performs control so as to limit the driving force
to an amount less than or equal to the control amount T /.

Specifically, referring to FIG. 2, the driving force control
device 1 performs a driving force control program. In step
S101, the first traction control unit 2 calculates a first control
amount T g, . In step S102, the second traction control unit
3 calculates a second control amount T ,.

In step S103, the first control amount T ¢, and the second
control amount T;.s, are compared. If the first control
amount T, is less than or equal to the second control
amount T ;,, the operation proceeds to step S104 where the
first control amount T, is set as the control amount T ;.
In contrast, if the first control amount T ., is greater than the
second control amount T 7., the operation proceeds to step
S105 where the second control amount T, is set as the
control amount T ;.

Subsequently, in step S106, the control amount T ;g set in
step S104 or S105 is output to the engine control unit 5.
Finally, this exits the program.

According to this embodiment, the first traction control
unit 2 is provided, which is configured to estimate a tire force
generated on a tire and to estimate a friction-circle limit as a
maximum tire force which the tire is capable of exercising
against a current road-surface and to calculate a first torque-
down amount on the basis of a relation between the tire force
and the friction-circle limit-value, and the second traction
control unit 3 is provided, which is configured to calculate a
slip rate of the tire and calculate a second torque-down
amount on the basis of at least the slip rate. The control-
amount setting unit 4 compares the first torque-down amount
T ;5 with the second torque-down amount T s, and sets the
smaller value (i.e. the value with a larger torque-down
amount) as a control amount T, to be used by the driving
force control device 1. The control-amount setting unit 4 then
outputs the control amount T, to the engine control unit 5.

Accordingly, in a running condition where it is difficult to
estimate a friction coefficient u between the tires and the road
surface, such as when the vehicle is in a straight running mode
or a starting mode, or in a running condition where the grip
forces of the tires in the lateral direction are not very neces-
sary in view of the safety of the vehicle, the grip forces of the
tires in the driving direction can be sufficiently used up by
means of the second traction control unit 3 that detects the slip
rate of the tires and limits the driving torque. On the other
hand, in a running condition where the friction coefficient p
between the tires and the road surface can be estimated with
high precision, such as when the vehicle is in a cornering
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mode, the slipping of the tires can be prevented from occur-
ring by feed forward control of the driving torque performed
by the first traction control unit 2. Thus, the grip forces of the
tires in the lateral direction can be maintained at a high level,
thereby enhancing the stability of the vehicle. For example,
when the vehicle switches from a cornering mode to a straight
running mode or a starting mode, or vice versa, the larger
torque-down amount is set as a control amount. Thus, the
vehicle can smoothly switch modes without a sudden change
in the control amount, thereby achieving control that gives a
natural operational feel to the driver.

What is claimed is:

1. A vehicle driving force control device comprising:

friction-circle limit-value estimating means configured to

estimate a friction-circle limit-value as a maximum tire
force which the tire is capable of exercising against a
current road-surface based on an estimated tire force
generated on a tire;

slip rate calculating means configured to calculate a slip

rate of the tire;
first torque-down amount calculating means configured to
calculate a first torque-down amount, as a first torque
reduction amount in a state in which the tire is prevented
from slipping, on the basis of a relation between the tire
force and the friction-circle limit-value;
second torque-down amount calculating means configured
to calculate a second torque-down amount, as a second
torque reduction amount in a state in which the tire is
slipping, on the basis of at least the slip rate; and

driving-force setting means configured to set a driving
force of the vehicle by reducing a current torque in
accordance with one of the first torque-down amount
and the second torque-down amount.

2. The vehicle driving force control device according to
claim 1, further comprising:

road-surface friction coefficient estimating means config-

ured to estimate a road-surface friction coefficient of the
current road surface;

ground-load estimating means configured to estimate a

ground-load acting on the tire; wherein the friction-
circle limit-value estimating means estimates the fric-
tion-circle limit-value on the basis of the road-surface
friction coefficient and the ground-load.

3. The vehicle driving force control device according to
claim 1, wherein a tire force estimating means estimates
either or both of a first tire force output from an engine to the
tire and a second tire force currently generated between the
tire and the road-surface as the tire force.

4. The vehicle driving force control device according to
claim 2, wherein a tire force estimating means estimates
either or both of a first tire force output from an engine to the
tire and a second tire force currently generated between the
tire and the road-surface as the tire force.

5. A vehicle driving force control device comprising:

tire force estimating means configured to estimate a tire

force generated on a tire;

friction-circle limit-value estimating means configured to

estimate a friction-circle limit-value as a maximum tire
force which the tire is capable of exercising against a
current road-surface based on an estimated tire force
generated on a tire;

slip rate calculating means configured to calculate a slip

rate of the tire;

first torque-down amount calculating means configured to

calculate a first torque-down amount, as a first torque
reduction amount in a state in which the tire is prevented
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from slipping, on the basis of a relation between the tire

force and the friction-circle limit-value;

second torque-down amount calculating means configured

to calculate a second torque-down amount, as a second

torque reduction amount in a state in which the tire is
slipping, on the basis of at least the slip rate; and

driving-force setting means configured to set a driving
force of the vehicle by reducing a current toque in accor-
dance with one of the first torque-down amount and the
second torque-down amount;

wherein the tire force estimating means estimates either or

both of a first tire force output from an engine to the tire

and a second tire force currently generated between the
tire and the road-surface as the tire force, and

wherein the first torque-down amount calculating means is

configured to calculate a first torque-down amount

based on:

a first excessive tire force estimating portion configured
to estimate a tire force exceeding the friction-circle
limit value on the basis of the first tire force and the
friction-circle limit value as a first excessive tire force;

a second excessive tire force estimating portion config-
ured to estimate a tire force exceeding the friction-
circle limit value on the basis of the second tire force
and the friction-circle limit value as a second exces-
sive tire force; and

a first torque-down amount setting portion configured to
set the first torque-down amount on the basis of the
first excessive tire force and the second excessive tire
force.

6. The vehicle driving force control device according to
claim 4,

wherein the first torque-down amount calculating means is

configured to calculate a first torque-down amount

based on:

a first excessive tire force estimating portion configured
to estimate a tire force exceeding the friction-circle
limit value on the basis of the first tire force and the
friction-circle limit value as a first excessive tire force;

a second excessive tire force estimating portion config-
ured to estimate a tire force exceeding the friction-
circle limit value on the basis of the second tire force
and the friction-circle limit value as a second exces-
sive tire force; and

a first torque-down amount setting portion configured to
set the first torque-down amount on the basis of the
first excessive tire force and the second excessive tire
force.

7. The vehicle driving force control device according to
claim 5, wherein the first torque-down amount setting portion
sets the first torque-down amount on the basis of the larger
one of the first and second excessive-tire forces.

8. The vehicle driving force control device according to
claim 6, wherein the first torque-down amount setting portion
sets the first torque-down amount on the basis of the larger
one of the first and second excessive-tire forces.

9. The vehicle driving force control device according to
claim 1, wherein the driving-force setting means compares
the first torque-down amount with the second torque-down
amount and limits the driving force by reducing a current
torque by the greater of the two torque-down amounts.

10. The vehicle driving force control device according to
claim 2, wherein the driving-force setting means compares
the first torque-down amount with the second torque-down
amount and limits the driving force by reducing a current
torque by the greater of the two torque-down amounts.
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11. The vehicle driving force control device according to
claim 3, wherein the driving-force setting means compares
the first torque-down amount with the second torque-down
amount and limits the driving force by reducing a current
torque by the greater of the two torque-down amounts.

12. The vehicle driving force control device according to
claim 4, wherein the driving-force setting means compares
the first torque-down amount with the second torque-down
amount and limits the driving force by reducing a current
torque by the greater of the two torque-down amounts.

13. The vehicle driving force control device according to
claim 5, wherein the driving-force setting means compares
the first torque-down amount with the second torque-down
amount and limits the driving force by reducing a current
torque by the greater of the two torque-down amounts.

14. The vehicle driving force control device according to
claim 6, wherein the driving-force setting means compares
the first torque-down amount with the second torque-down
amount and limits the driving force by reducing a current
torque by the greater of the two torque-down amounts.

15. The vehicle driving force control device according to
claim 7, wherein the driving-force setting means compares
the first torque-down amount with the second torque-down
amount and limits the driving force by reducing a current
torque by the greater of the two torque-down amounts.

16. The vehicle driving force control device according to
claim 8, wherein the driving-force setting means compares
the first torque-down amount with the second torque-down
amount and limits the driving force by reducing a current
torque by the greater of the two torque-down amounts.

17. A vehicle driving force control device comprising:

a first traction control unit configured to calculate a first
torque control amount, as a first reduced torque amount
in a state in which the tire is prevented from slipping, on
the basis of at least a relation between a tire force and a
friction-circle limit-value, said first traction control unit
comprising,
afriction-circle limit-value estimating unit configured to

estimate a friction-circle limit-value as a maximum
tire force which the tire is capable of exercising
against a current road-surface based on an estimated
tire force generated on a tire;

a second traction control unit configured to calculate a
second torque control amount, as a second reduced
torque amount in a state in which the tire is slipping, on
the basis of at least a slip rate, said second traction
control unit comprising,

a slip rate calculating unit configured to calculate a slip
rate of the tire; and

a driving-force setting unit configured to set a driving force
for the vehicle by reducing a current torque amount to
one of the first torque control amount and the second
torque control amount.

18. The vehicle driving force control device according to
claim 17, wherein said first traction control unit further com-
prises an excessive-tire-force calculating portion which sets
as an excessive-tire-force amount the larger of a torque value
atwhich a tire-force is requested to be generated, and a torque
value at which a tire-force is currently being generated.

19. The vehicle driving force control device according to
claim 18, wherein said first traction control unit further com-
prises an over-torque calculating portion which outputs an
over-torque correction value based on the excessive-tire-
force amount set by said excessive-tire-force calculating por-
tion.

20. The vehicle driving force control device according to
claim 17, wherein, said second traction control unit is con-
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figured to set the second torque control amount to be equal to
the current engine torque when said slip rate calculating unit
calculates the slip rate to be at a value below a predetermined
threshold value.

21. The vehicle driving force control device according to
claim 1, wherein

the friction-circle limit-value estimating means is config-

ured to receive a road-surface friction coefficient value
from a road surface estimation unit, and wherein

the friction-circle limit-value estimating means is config-

ured to calculate a friction-circle limit-value and output
the calculated friction-circle limit-value for use in set-
ting the driving force determined by said driving-force
setting means.

22. The vehicle driving force control device according to
claim 21 wherein the friction-circle limit-value estimating
means estimates a friction-circle limit-value as a maximum
tire force which the tire is capable of exercising against a
current road-surface through the combined use of at least the
road-surface friction coefficient value and a vertical axis
wheel ground load input.
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